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PREFACE 


The  U.S.  Air  Force  and  the  U.S,  Navy  have  conducted  reseeirch  programs 
to  identify  methods  that  will  reduce  the  incidence  of  G- induced  loss  of 
consciousness.  These  efforts  have  provided  a  basis  for  designing  pdiysiccd 
fitness  programs  to  better  prepare  the  human  body  for  operations  in  the  high-G 
environment  associated  with  air  corbat  operations  in  the  Air  Force  and  Navy. 

Dr.  Russell  Burton,  USAF  School  of  Aerospace  Medicine,  and  LCDR  Guy  R. 
Banta,  tfeval  Medical  Research  and  Developnent  Ccmand,  vere  instrumental  in 
establishing  a  workshop  to  review  the  literature  and  make  reccrmendations  for 
physical  fitness  programs  that  would  be  consistent  with  scientific  data  and 
practical  to  inplement  in  operational  units.  The  Naval  Aerospace  Medical 
Research  Laboratory  (NAMRL)  organized  and  conducted  the  workshop. 

Representatives  were  selected  from  several  disciplines,  including  line 
aviators,  vho  would  have  knowledge  of  research  data  related  directly  to  G  tol¬ 
erance,  research  related  to  the  physiology  of  exercise,  emd  the  practical 
aspects  of  implementing  physical  fitness  programs  in  operational  units.  The 
workshop  was  held  21-23  July  1987  at  NAMRL. 

Dr.  Burton  conducted  a  comprehensive  review  and  discussion  of  the  lit¬ 
erature.  MAJ  Tony  Giaccbe  and  LCDR  Wayne  Dickey  presented  the  rationale  and 
a  critique  for  existing  and  planned  Air  Force  and  Ifevy  programs,  CPT  Bill 
Kraemer  and  LT  Donna  Murdoch  presented  a  specific  fitness  program  for  consid¬ 
eration.  LCDR  Ron  Crisman  discussed  the  problem  of  neck  strains  in  a  high-G 
environment  and  proposed  a  neck  strengthening  program.  LT  OOL  Lew  Epperson 
reviewed  the  benefits  and  detriments  of  aerobic  training  for  tactical  avia¬ 
tors.  The  rertBining  1  1/2  days  were  used  to  discuss  data  and  prepare  the 
first  draft  of  this  report. 

Additional  USAF  contributions  to  this  document  followed  this  workshop  and 
were  provided  by  Drs.  Whinnery  and  Krock,  from  USAF  School  of  Aerospace  Medi¬ 
cine  and  MAJ  Boehme  and  LT  CDL  Green  from  833rd  Med  Qp/SCJT,  Holloman  AFB. 

Each  participant  was  invited  to  review  and  cotnient  on  both  the  first  and 
second  drafts.  I^rticipants  from  NftMRL  and  USAFSAM  prepared  the  photographs 
and  illustrations.  USAFSAM  provided  the  final  editing.  NAMRL  was  responsible 
for  publication  and  initial  distribution.  Technical  (computer  set-ijp)  and 
logistical  support  was  managed  by  NftMRL  staff,  in  particulcir,  HMl  David  L. 
Cubert  and  HM2  Tyrone  L.  Green. 
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PHYSICAL  FITNESS  PROGRAM  TO  ENHANCE 
AIRCRBW  G  TOLERANCE 


INTRODUCTION 

This  report  prc3vides  a  review  of  eocisting  knowledge  and  descriptions  of 
physical  conditioning  programs  to  enhance  aircrew  G  tolerance.  In  addition, 
research  findings  on  hardware  and  physiology  in  the  high-G  arena  are 
discussed. 

The  performance  envelope  of  tactical  jet  aircraft  may  exceed  the  avia¬ 
tor's  physiological  tolerance  limits.  Consequently,  the  most  vulnerable  fac¬ 
tor  in  flying  tactical  jet  aircraft  to  perfomance  limits  is  frequently  the 
aviator.  New  generation  tactical  jet  aircraft  are  capable  of  rapidly  reaching 
and  sustaining  7-9  Gs;  advanced  design  ney  raise  the  G  capability  even  higher. 
This  capability,  together  with  increased  maneuver^ility,  survivability  and 
weapon  system  accuracy,  is  critical  in  determining  the  winner  during  air 
coorbat. 

Aviators  can  withstand  G  forces  equal  to  or  exceeding  those  of  present 
aircraft,  but  require  assistance  of  mechanical  and  physiological  countermea¬ 
sures  to  maintain  blood  flow  to  t'-e  brain.  The  priirary  metlcds  to  increase 
aviators'  G  tolerance  are  the  anti-G  suit  and  the  anti-G  straining  iraneuver 
(AGSM;  also  called  the  L-1  maneuver) .  The  AGSM  is  used  to  increase  blood  flow 
to  the  brain  through  a  voluntary  isonetric  contraction  of  the  body's  entire 
musculature  and  an  increase  of  pressure  within  the  chest  by  exhalation  against 
a  closed  glottis. 


Hardware  Developments  to  Inprove  G  Tolerance 

One  of  the  factors  placing  aviators  of  high  perfontance  aircraft  at  risk 
from  G-induced  loss  of  consciousness  (GLOC)  is  ejection  seats  v^hich  orient  the 
crewmember  in  an  upright  position  during  high-G  exposure.  Until  the  advent  of 
newer  generation  aircraft,  e.g.,  F-15/18/16,  previews  aircraft  G  capabilities 
did  not  warrant  the  use  of  tilt  seats.  Engineering  constraints  and  restricted 
aviator  mobility  and  vision  in  a  reclined  position  have  limited  seat-back 
angles  to  approxinately  30  degrees  from  the  vertical.  Hewever,  it  has  been 
foimd  that  a  30  degree  tilt  seat  does  provide  about  one  G  inprovenent  over  the 
standard  seat. 

Another  method,  assisted  positive  pressiore  breathing  (APPB) ,  has  also 
been  tried  using  a  chest  counter  pressure  garment  called  a  "jerkin."  When 
positive  pressure  is  applied  to  the  mask  at  an  amplitude  proportional  to  the  G 
force,  chest  pressure  is  increased,  directly  increasing  arterial  blood  pres¬ 
sure.  Test  flights  at  the  Air  Force  Flight  Test  Center  (Edwards  AFB,  CA)  gen¬ 
erated  a  high  degree  of  acceptance  by  both  F-15  and  F-16  pilots.  The  pilots 
claimed  their  G  tolerance  increased  and  fatigue  levels  decreased. 
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No  significant  inprovenents  in  the  operational  anti-G  suit  have  been  made 
since  its  introduction  during  World  War  II.  Research  in  the  last  decade  has 
shewn  that  more  catplete  coverage  of  the  legs  by  the  anti-G  suit  enhances  G 
tolerance  by  reducing  nuscular  fatigue  during  air  carbat  naneuvers  (ACM)  . 
Improving  leg  coverage  in  an  operational  anti-G  suit  has  been  difficult 
because  of  problems  in  suit  design.  Currently,  a  single-bladder  suit  that 
provides  catplete  cov^erage  appears  to  be  the  most  premising.  This  design 
should  minimize  fitting  and  sizing  prcblems  and  provide  better  leg  support 
than  the  current  multiple-bladder  suits.  Furthermore,  it  is  expected  to 
reduce  fatigue  from  ACM  by  as  ituch  as  50%. 

New  concepts  in  anti-G  valves  have  been  explored,  specificeilly,  using 
faster  inflation  rates  and  electronic  controls.  Higher  flow  inflation  valves 
have  been  retrofitted  into  all  F-16  aircraft  and  are  programned  for  other  USAF 
tactical  aircraft. 


Educational  Programs  to  Iirprove  G  Tolerance 

In  1984,  Tactical  Air  Oortmand  (TAG)  caimenced  a  "spread  the  word"  cam¬ 
paign  to  heighten  the  awareness  of  GLOC  among  tactical  aircrew.  Among  these 
efforts  were  initial  briefings  at  wing  and  squadron  level  on  the  physiology 
and  prevention  of  GLiOC  episodes  and  the  institution  of  annual  "G  awareness" 
briefings  to  be  conducted  during  the  Instrument  Refresher  Course.  Addition¬ 
ally,  TAG  published  TACP  51-17  entitled  "G-awareness  for  Aircrews"  which 
addressed  the  prcblem  of  GLOC  and  several  methods  of  coping,  especially  guid¬ 
ance  on  physical  conditioning.  Unfortunately,  TACP  51-17  did  not  receive 
widespread  distribution  among  TAG  aircrews.  Hewever,  it  is  certain  that  the 
training  efforts  heightened  the  awareness  of  fighter  aircrews  and  made  them 
much  more  sensitive  to  the  GLOC  issvie. 


Centrifuge  Training  to  Iitprove  G  Tolerance 

Aviators  should  have  sufficient  instruction  and  opportunities  to  cor¬ 
rectly  perform  the  AGSM.  The  most  effective  and  safest  method  of  teaching  the 
AGSM  is  to  use  the  centrifuge.  The  USAF  has  demonstrated  centrifuge  useful¬ 
ness  and  aviator  acceptance.  Presently,  the  USAF  uses  their  research  centri¬ 
fuge  (Brooks  AFB,  TX) ,  the  Dutch  Air  Force  centrifuge  (Soesterberg,  the 
Netherlands)  and  the  Japanese  Air  Self  Defense  Force  centrifuge  (Tachikawa, 
Japan)  for  training.  Physiological  theory  of  CSjOC  and  AGSM  are  es^lained  to 
aviators  before  they  receive  practical  e>perience  and  instruction  during  rapid 
onset  (6  G/s)  centrifuge  runs  up  to  9  Gs  for  15  s.  At  Holloman  AFB,  the  USAF 
is  building  a  centrifuge  solely  for  aircrew  training.  This  base  is  used  for 
Lead-In  Fighter  Training  (LIFT)  for  all  aircrew  menbers  entering  the  tactical 
inventory.  All  aircrew  menbers  who  will  fly  fighter,  attack,  recce  and  For¬ 
ward  Air  Ocjntrol  (FAC)  aircraft  will  eventually  ej^rience  this  G  training. 
The  Navy  presently  operates  a  centrifuge  (Naval  Air  Def/eloptient  Center,  PA) , 
which  is  used  for  research  and  not  pilot  training.  They  expsect  to  have  eeist 
and  west  coast  training  centrifuges  cperational  by  1992. 
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Physiologic  Warm-tfi 


G-avareness  turns  have  been  made  a  nandatory  part  of  almost  all  fighter 
sorties  in  the  USAF  Tactical  Air  Forces.  While  these  vyere  originally  insti¬ 
tuted  to  allow  the  aircrews  to  get  a  "feel"  for  the  Gs  and  gauge  their 
response  and  the  aircraft's  response,  a  side  benefit  of  phi’s: ological  "vgarm- 
up"  is  also  realized.  Syntathetic  reflexes  are  stiinxlated  and  remain  so  for 
several  minutes  after  sudden  euqasure  to  moderate  Gs.  Subsequently,  the  air¬ 
crew  have  a  ssmall  "leg  i^)"  on  the  Gs  vhen  they  enter  an  engagement.  Current¬ 
ly,  there  is  no  standardization  of  the  nuirber  of  turns  to  be  coipleted  nor  of 
the  amount  of  G  to  be  pulled  in  each  turn.  It  has  been  postulated  that  the 
maneuvers  need  to  be  at  least  in  the  3-5  G  range  for  the  appropriate  response 
to  occiir. 


Life-style  Stressors 

Life-style  can  have  a  significant  effect  on  G  tolerance,  aioking,  alco¬ 
hol,  diet,  illness  (especially  requiring  bed  rest),  medication  (particularly 
self-medication) ,  and  dehydration  are  seme  of  the  factors  which  can  affect 
physiological  performance.  Illness  and/or  medications  often  interact  with 
body  processes  in  unpredictable  ways  in  the  flight  enviroiment.  Flight  sur¬ 
geons  should  be  consulted  on  these  matters.  Because  the  AGSM  requires  rapid 
movement  of  air  through  the  lungs,  smoking  (lax3wn  to  increase  airway  resis¬ 
tance)  should  be  kept  to  a  minimum  with  ccrplete  abstinence  being  advised. 
Alcohol  is  knewn  to  adversely  affect  flight  performance  by  interfering  with 
mental,  physiologic  (hypoglycemia  and  ionic  iirbalance)  and  physical  functions. 
Dehydration,  known  to  reduce  G  tolerance,  is  cortmon  the  day  following  a  night 
of  excessive  alcohol  consxmption.  Severe  "hangover"  can  also  adversely  affect 
flight  perfontance.  Although  the  Ifevy  and  USAF  prohibit  cilcohol  consunption 
12  h  prior  to  preflight  brief,  no  alcohol  24  h  before  flight  is  advisable.  In 
addition,  recent  experience  with  flight  sinulators  suggests  that  a  48  h  period 
of  moderation  before  flying  is  also  indicated  for  peak  perfontance. 

The  state  of  hydration  is  particularly  inportant  to  aircrew  meirbers.  If 
missions  are  flcwn  during  hot  conditions,  the  aviator  should  prehydrate  by 
consuming  a  minimum  of  one  pint  of  water  before  flying.  Rehydration  after 
flight  should  provide  1  pint  of  vater  per  poun5  of  body  weight  lost.  The  sen¬ 
sation  of  thirst  is  not  an  adequate  indicator  of  dehydration;  therefore,  avia¬ 
tors  may  have  to  force  themselves  to  drink. 


Nutritional  Considerations 

Sources  of  energy  for  cptiiral  pjerfomence  are  enhanced  by  proper  nutri¬ 
tion  and  physical  conditioning.  Ehergy  stores  available  to  the  body  are  not 
primarily  obtained  from  the  preflight  meal,  but  result  from  the  previous  diet 
and  activity  piat terns. 

Contrary  to  pjopular  belief,  a  diet  high  in  protein  is  not  essential  to 
develop  nuscle  strength  during  this  conditioning  program.  Total  calories  are 
inportant  to  ensure  that  protein  in  the  diet  is  available  for  purposes  of  mus¬ 
cle  ckvelcprent  and  naintenance.  About  50-60%  of  dietary  calories  should  be 
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derived  from  cxirplex  Ccirbohydrates  such  as  pasta,  breads  and  potatoes.  Fruits 
and  vegetables  should  also  be  prominent  in  the  diet. 

To  perform  at  their  best,  aircrew  laist  be  well-rested,  properly  nourished 
and  sufficiently  hydrated  when  beginning  a  mission.  An  adequate  recovery  and 
replenishment  period  must  be  planned  and  taken  after  each  sortie  involving 
high-Gs,  or  after  exercise.  To  ensure  that  adequate  recovery  has  occurred,  a 
miniiaim  of  3  h  or  more  is  recomtiended  between  the  end  of  strenuous  exercise 
and  the  beginning  of  flight. 


Physical  Conditioning  to  Inprove  G  Tolerance 

Physical  training  for  air  ccrbat  is  similar  in  nany  respects  to  the 
training  required  for  athletic  conpetition.  Maximum  performance  during  ath¬ 
letic  ccrpetition  requires  a  specific  physical  conditioning  program,  vdiich  is 
characteristic  of  the  strength  and  endurance  requirements  for  tha.:  event 
(exercise  specificity) .  Training  for  a  100-m  sprint  is  considerably  different 
fron  narathon  training.  Sprints,  or  short-duration,  high- intensity  events, 
require  relevant  muscle  groups  to  quickly  provide  large  quantities  of  energy 
for  brief  periods  of  time.  Conversely,  distance  running  or  long-duration 
events  require  relevant  muscle  groups  to  deliver  a  continuous  energy  supply 
for  long  periods  of  time.  Thus,  nuscle  groups  respond  to  the  stimulation  of 
these  two  training  procedures  differently.  Physiological  adaptations  occur 
that  enable  the  ituscles  to  acconplish  specific  tasks  more  effectively.  In  the 
sprinter,  adaptive  changes  enable  stored  fuels  to  be  quickly  utilized  by  a 
biochemical  process  that  does  not  require  the  immediate  presence  of  oxygen. 
Training  for  this  type  of  exercise  response  is  called  "anaercbic"  (without 
oxygen) .  In  the  distance  runner,  ad^tive  changes  enhance  the  capacity  for 
stored  fuels  to  be  used  by  a  biochemical  process  that  requires  the  presence  of 
oxygen.  This  exercise  training  is  termed  "aercbic"  (with  oxygen) . 

During  air  cotisat  naneuvers,  aircrews  undergo  high-G  forces  for  short 
durations.  The  muscles  involved  in  the  AGSM  expend  energy  at  a  rate  analogous 
to  those  of  the  sprinter  or  weight  lifter.  Researchers  have  used  aercbic  and 
anaercbic  subject  training  protocols  to  measure  G  tolerance  during  centrifuge 
testing  before  and  after  training.  Results  from  these  studies  show  that 
anaercbic  weight  training  enhances  the  ability  of  subjects  to  perform  the  AGSM 
more  effectively,  allowing  them  to  withstand  increased  G  force  longer  during 
centrifuge  testing.  In  addition,  aerobic  training  was  not  demonstrated  to 
benefit  G  tolerance.  Consequently,  anaerobic  training  should  be  given  higher 
priority  than  aercbic  training  in  a  physical  fitness  program  for  aviators. 

Besides  GLOC,  aviators  should  also  be  aware  that  neck  injuries  occur  with 
increased  frequency  as  high-G  es^osure  increases.  A  recent  Navy  survey  of  G- 
induced  neck  injury  in  F/A-18,  A-4,  and  A-7  pilots  was  coipleted  at  the  Light 
Attack  Wing,  Pacific  (NAS  Lemoore,  CA) .  The  Ifavy  found  that  74%  of  F/A-18, 
58%  of  A-4,  and  30%  of  A-7  aviators  surveyed  reported  sane  neck  pain  associ¬ 
ated  with  high-G  naneuvers.  Twelve  of  89  pilots  were  temporarily  removed  frcm 
flight  status  for  an  average  of  3  days  iDecause  of  injury.  Age  was  not  a  con¬ 
tributing  factor  to  the  incidence  of  neck  pain  in  this  survey.  The  USAF  can- 
pleted  a  similar  survey  with  five  wings  at  three  TAG  laases  involving  437  F-5, 
F-15,  and  F-16  pilots.  Neck  injury  rates  of  alxut  45%  over  a  3-nonth  period 
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of  time  were  foxond  in  F-15  and  F-16  pilots.  Ifejor  injxiries  of  13%  were 
repDrted  for  the  F-16  pilots  cind  were  greatest  in  pilots  over  40  ^lears  of  age. 

Specific  recannendations  resulting  frcm  the  USAF  neck  injury  survey  were: 

1.  Neck  exercise  program 

2.  Neck  stretching  or  G  warm-up  before  air  cotibat  maneuvers 

3.  cautious  return  to  high-G  after  a  long  layoff 

4.  Minimize  neck  movement  under  high-G  loads 

5.  Maintain  good  physical  condition,  nutrition  and  rest 

During  flight  events  that  require  visual  scanning  aft  of  the  aircraft 
coupled  with  high-G  naneuvers,  the  head  and  neck  can  be  r^idly  subjected  to 
large  increases  in  force.  When  high  force  loads  on  the  head  and  neck  exceed 
the  ability  of  the  nuscles  to  itaintain  the  position  of  the  head,  injury  to  the 
neck  can  result.  This  situation  intensifies  vAien  the  neck  muscles  became 
fatigued.  Therefore,  a  neck  conditioning  program  must  involve  all  muscle 
groups  to  increase  tlicir  force  generation  capacity  and  to  increase  their  time 
to  fatigue.  This  involvement  would  significantly  enhance  the  ability  of  the 
neck  muscles  to  resist  injury  during  conditions  of  high-G  loading. 


HIGH-INTENSnY  MUSCULAR  CONDITIONING 


Introduction 

Effective  countermeasxores  must  be  pursued  to  combat  the  problems  associ¬ 
ated  with  high-G  eu^xasure.  One  of  these  countermeasures  is  participation  in 
an  exercise  conditioning  program  designed  to  increase  muscular  strength  and 
endxurance  and  enhance  coc]q?it  mcbility.  The  rationale  behind  this  recctrmenda- 
tion  is  that  increased  muscular  strength  and  endurance  will  allow  the  pilot  to 
perform  the  AGSM  with  less  relative  muscular  effort  so  that  less  relative  sub¬ 
jective  effort  is  required  to  itaintain  vision  and  consciousness  during  ACM. 
This  is  extremely  important  as  the  distraction  of  concentrating  on  performance 
of  the  AGSM  will  erode  the  pilot's  ability  to  maintain  situation  awareness 
(SA) .  In  cotbat,  this  nay  be  fatal.  Exercise  programs  that  increase  muscular 
strength  and  endurance  under  load  (anaerobic  capacity)  are  more  likely  to  meet 
these  objectives. 

Before  any  specific  program  is  undertaken,  sane  basic  exercise  principles 
must  be  understood: 

3.  Exercise  specificity.  For  optimal  improvement  in  G  tolerance, 
the  exercise  program  must  focus  on  the  re^iratory  and  skeletal  muscle  move¬ 
ments  that  are  similar  to  the  straining  and  tensing  naneuvers  required  to 
resist  high-G  forces.  To  simulate  the  AGSM,  a  fxill  breath  should  be  taken 
before  the  lifting  phase  during  a  resistance  effort.  As  the  weight  is  raised, 
straining  shoxild  continue  against  a  partially  closed  glottis  dxuring  the  lift. 

2.  Exercise  intensity.  The  exercise  must  tax  the  specific  muscle 
groups  involved.  For  maximal  benefits  in  strength,  the  load  should  be  80-90% 
of  the  maximum  weight  that  can  be  lifted  one  time  (one  repetition  maximum  or 
1  RM)  . 
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3.  Exercise  duration.  The  conditicaiing  program  rmst  he  performed 
with  5-10  repetitions  per  set  with  2  or  more  sets  per  exercise  period. 

4.  Rest  periods.  Specific  rest  periods  should  be  adhered  to 
between  sets  and  between  exercises,  depending  on  the  program  specifications. 
The  diiration  of  the  rest  period  will  affect  the  exercise  program  loads  and  the 
physiological  stress  of  the  workouts. 

5.  Exercise  frequency.  A  minimum  of  24  hours  should  elapse 
betveen  exercise  sessions.  Seldon  should  more  than  four  training  sessions  be 
corpleted  in  a  7-day  period.  For  conditioning  to  irtprove  G  tolerance,  both 
strength  and  endurance  exercises  nust  be  performed.  Perform  exercise  program 
on  alternate  days,  e.g.,  strength  on  Monday,  endurance  on  Tuesday,  rest  on 
Wednesday,  strength  on  Thursday,  and  endurance  on  Friday. 

6.  Exercise  order.  Muscle  groups  most  useful  in  performing  the 
AGSM  shoiild  be  exercised  first. 

7 .  Viarm-up  and  cool-down.  The  daily  conditioning  program  should 
begin  with  a  gradual  warming  1:5)  and  stretching  session  of  5-10  min.  Also, 
approximately  5-10  min  of  vhole-body  stretching  should  be  performed  after 
exercising  to  minimize  soreness. 

8.  Program  assessment.  The  effectiveness  of  any  training  program 
should  be  periodiccilly  assessed  by  examining  sane  quantifi^le  performance 
parameter.  In  these  recannended  programs,  progress  can  be  evaluated  by  com¬ 
paring  changes  of  weight  lifted  during  the  specified  number  of  repetitions  for 
each  exercise  session.  E%a:ticipation  in  a  12-v)edc  conditioning  program  should 
result  in  a  10-20%  improvement  for  most  of  the  exercises, 

9.  Exercise  timing.  The  demands  of  exercise  on  the  cardiovascular 
and  metabolic  systems  are  such  that  3+  h  should  ela^jse  before  assuming  flight 
duties  involving  high-G.  This  timing  is  particularly  important  as  intense 
exercise  can  lead  to  temporary  fatigue  due  to  exhaustion  of  stored  muscle 
fuels,  noticeable  muscle  tremor  and  possible  postexercise  hypotension  (lew 
blood  pressvire) . 


10.  Conditioning.  The  benefits  gained  fran  a  conditioning  program 
can  be  lost  rapidly.  After  2  wedcs  or  more  of  inactivity,  the  aviator  should 
resume  an  exercise  program  at  an  intensity  level  between  80-90%  of  the  weight 
used  at  the  time  of  interruption. 


Strength  Conditioning  Program 

The  strength  oaiditioning  exercise  session  should  begin  with  a  short 
period  (5-10  min)  of  Mi&zm-up  and  stretching.  Stretching  movements  should  fol¬ 
low  warm-up  exercises  and  involve  all  muscle  groups  that  will  be  used  during 
the  strength  development  session.  Recoititiended  stretching  exercises  are  illus¬ 
trated  in  Figure  1  (hamstring,  shoulder,  neck  and  trunk  stretches) . 

Rest  periods  should  occur  between  sets  and  between  exercises,  i.e., 
between  each  series  of  a  given  exercise,  as  well  as  in  the  transition  period 
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between  specific  exercises.  Rest  periods  shoulu  be  between  2-3  min  and  at 
least  equal  to  the  amount  of  time  spent  in  performing  the  set. 

The  resistance  for  each  exercise  is  the  load  vhich  can  be  achieved  for 
the  indicated  nunber  of  prescribed  repetitions,  called  "repetition  maximum"  or 
"RM“  load.  For  exanple,  if  one  can  "curl"  100  lb  for  10  r^jetitions  but  no 
nore,  the  exercise  is  a  10  RM  movement.  When  the  aviator  can  perform  one  or 
more  repetitions  beyond  the  specified  limit,  mere  weight  or  resistance  should 
be  added.  In  the  nuscle  strength  conditioning  program,  repetitions  for  the 
various  exercises  will  range  from  5-10,  depending  on  the  exercise. 

A  "set"  refers  to  the  nurber  of  r^aetitions  cotpleted.  In  the  muscle 
strength  conditioning  program,  sets  for  the  various  exercises  will  range  from 
2-5.  The  exercises  aire  listed  in  the  text  in  the  order  they  should  be  exe¬ 
cuted.  Repetitions  should  be  performed  in  3-5  s,  and  respiratory  straining 
should  be  done  against  a  partially  closed  glottis  during  the  contraction. 
Exhale  on  the  extension. 

Following  all  workouts,  a  5-10  min  cool-down  period  of  static  stretching 
exercises  should  be  done  to  minimize  nuscle  soreness.  The  stretching  exer¬ 
cises  illustrated  in  Figure  1  are  appropriate  for  this  purpose. 


Endurance  Resistance  Training  Program 

A  5-10  min  warm-vp  and  stretching  period  similar  to  that  described  for  a 
strength  conditioning  workout  should  precede  each  nuscle  endurance  condition¬ 
ing  session.  See  Figure  1  for  exanples. 

Muscular  endurance  workouts  are  characterized  by  paired  exercises.  A  set 
of  the  first  exercise  is  performed,  and  without  rest,  a  set  of  the  second 
paired  exercise  is  performed.  For  exanple,  one  might  perform  10  repetitions 
of  the  bench  press  inmediately  followed  by  10  repetitions  of  the  shoulder 
shrug.  This  resistance  training  is  known  as  a  "super  set."  A  super  set  is 
followed  by  a  30-60  s  rest,  vhereupon  a  second  simper  set  is  done.  TSno  to 
three  sv^er  sets  per  pair  of  exercises  are  used  in  this  program.  The  nurber 
of  repetitions  per  exercise  set  ranges  from  10-20,  depending  on  the  exercise 
performed. 

Paired  exercises  represent  canponents  of  the  high-intensity  muscular 
endurance  resistance  training  program.  The  specific  order  of  the  exercises 
within  each  super  set  should  be  iraintained. 


STRElOrH  Aid  EMXJRANCE  EXERCISE  PROGRAMS 

The  strength  and  endurance  exercise  programs  have  been  divided  into 
vorkouts  using  several  different  types  of  training  equipment:  stack  machine 
weight  equipment,  free  weight  equipment,  "Ifeutilus"  cam-type  machines  and 
hydraulic  equipment. 

It  is  possible  to  shorten  the  time  required  to  accotplish  this  exercise 
program  yet  achieve  rtuch  of  the  positive  benefit  of  strength  training  by  using 
a  modified  or  shortened  version.  The  inportant  point  is  to  regularly  engage 
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in  sane  strength  enhancing  exercise.  A  shortened  exercise  program  can  be 
acocnplished  by  either  (a)  reducing  the  nunber  of  different  types  of  specific 
exercises  using  the  recoiniended  nunbers  of  sets  or  (b)  performing  all  of  the 
exercises  but  ccnpleting  only  2  sets  of  each. 

If  a  (the  former)  shortened  version  is  to  be  accotplished,  the  exercise 
order  is  different  from  that  recatmended  for  the  total  program  (see  exercise 
priorities  listed  under  the  short  version) .  This  exercise  order  places  enpha- 
sis  on  muscle  grotps  thought  to  be  most  useful  for  pilots  and  contributive  to 
enhanced  G  tolerance.  The  shortened  programs  provide  a  means  for  a  crewmenber 
to  tailor  an  exercise  program  for  a  specific  time  schedule  and  maximize  the 
benefits  for  a  given  time  eopenditure.  We  strongly  recotinend  that  if  time 
permits,  the  total  program  be  acocnplished. 


8 


stack  Machine  Wteight  Equipnent 


The  exercises  cotprising  the  rtuscular  strength  workout  for  imltistation 
weight  stack  irachines  are  as  follows: 


Strength  Qtphasis  Workout 

Warm-up:  5-10  min,  see  Figiire  1 
Rest  period;  2  min  between  sets 


Exercise 

Sets  /  Reps 

Figure 

Short  Version 

1. 

Leg  press 

4  /  5  @  5  RM* 

2 

5** 

2. 

Bench  press 

4  /  5  @  5  RM 

3 

3 

3. 

Lat  pull 

3  /  5  @  5  RM 

4 

4 

4. 

Military  press 

3  /  8  ®  8  RM 

5 

6 

5. 

Arm  curl 

3  /  6  @  6  RM 

6 

7 

6. 

Sit-up 

2  /  10-20 

7 

1 

Leg  raise 

2  /  10-15 

8 

7, 

Neck  series  (with 
self  or  peirtner) 

3  /  6  @  6  RM 

9A-9E 

2 

♦ 

RM  =  repetition  maxiiturri  level,  the  airount  of  weight 

that  can  be  lifted 

for  only  that  specific  nunber  of  repetitions  in  good  form. 

** 

Exercise  priority;  e.g., 
series,  etc. 

sit-vp  or  leg 

raise  first 

followed  by  neck 

Cbol-dcwn:  5-10  min,  see  Figure  1 


Endurance  Brphasis  Workout 

Warm-up;  5-10  min,  see  Figinre  1 


Rest  period;  30-60  s  between  super  sets  and  exercise  segments 


Exercise 

Super  sets  /  Reps 

Figure 

Short  Version 

1.  Leg  extension/leg  curl 

3 

/ 

10  ®  10 

RM 

10,  11 

5 

2.  Bench  press/ shoulder 

3 

/ 

10  ®  10 

RM 

3,  12 

3 

shrug 

3.  Lat  pull/seated  rcw 

3 

/ 

10  ®  10 

RM 

4,  13 

4 

4.  Military  press/upright 

3 

/ 

10  @  10 

RM 

5,  14 

6 

rcw 

5.  Tricep  extension/arm  curl  3 

/ 

10  ®  10 

RM 

15,  6 

7 

6 .  Sit-up/leg  raise 

2 

/ 

10-20 

7,  8 

1 

7 .  Neck  series  (with  self 

3 

/ 

12  ®  12 

RM 

9A-9E 

2 

or  partner) 

Oool-dcwn;  5-10  min,  see  Figxire  1 
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Free  Vfeight  Equipment 


The  conditioning  program  can  be  performed  using  free  vgeight  or  stack 
machine  weights  with  minimal  exercise  modificaticMi,  i.e.,  squat  for  leg  press. 
Some  locations  will  hacve  only  free  weights.  In  these  situations,  the  same 
workout  schedule  as  listed  previously  for  the  nachine  weig^it  should  be  used. 
A  spotter  mist  always  be  used  in  a  free  weight  program  because  control  of 
heavy  weights  can  be  difficult  when  fatigued.  Hie  exercises  and  the  order 
they  should  be  performed  cure  listed  next.  The  free  weight  exercises  are 
listed  opposite  the  equivalent  nachine  weights. 


Strength  Biphasis  Workout 


Ifechine  Weights 

Free  Weights 

Figure 

Short  Version 

1.  Leg  press 

Squat 

16 

5 

2.  Bench  press 

Bench  press 

17 

3 

3.  Lat  pull 

Pull  i;?)  (arm  and 

18 

4 

chest  pull  over) 

19 

4 

4.  Militeiry  press 

Military  press 

20 

6 

5.  Arm  curl 

Arm  curl 

21 

7 

6 .  Sit-i?)/leg  raise 

Sit-up/leg  raise 

7,  8 

1 

7 .  Neck  series 

Neck  series 

9A-9E 

2 

Endurance  Qiphasis  Workout 

Machine  Weights  Free  Vfeights  Figure  Short  Version 


1.  Leg  extension 

Leg  curl 

Squat 

16 

5 

2.  Bench  press 

Bench  press 

17 

3 

Shoulder  shrug 

Shoulder  shrug 

12 

3.  Lat  pull 

Pull  ip  (arm  and 
chest  pull  over) 

18 

4 

Seated  row 

Bent-over  row 

22 

4.  Military  press 

Military  press 

20 

6 

Upright  row 

l^jright  ror 

23 

5.  Arm  curl 

Arm  curl 

21 

7 

Tricep  extension 

Bar  dip 

24 

6 .  Sit-vqp 

Sit-op 

7 

1 

Leg  raise 

Leg  raise 

8 

7.  Neck  series 

Neck  series 

9A-9E 

2 

The  weights  lifted  should  be  increased  when  the  crevBnentier  can  perform 
more  than  the  specified  nurtber  of  repetitions  in  a  set  with  a  given  resis¬ 
tance.  Sufficient  weights  should  be  added  to  reduce  the  nurtber  of  repetitions 
to  the  minimum. 
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Hydraulic  and  CSam-type  Equipment 


If  hydraulic  equipment  is  used,  the  general  conditioning  principles 
listed  earlier  will  a^ply,  but  the  mechanics  of  Inpleirentation  will  be  scme- 
what  different.  Suggested  dial  settings  for  the  strength  and  endurance  enpha- 
sis  workouts  are  listed  next.  Repetitions  should  be  performed  as  rapidly  as 
possible. 


Strength  Brphasis  Vforkout 

Warm-up:  5-10  min,  see  Figure  1 

Perform  4  sets:  1  set  at  each  dial  setting  of  3,  4,  5,  6 

Work  period:  20  s  per  set 

Rest  period:  2  min  between  sets 

Oool-dcwn:  5-10  min,  see  Figure  1 

Endurance  Ehphasis  Workout 

Warm-up:  5-10  min,  see  Figure  1 

Perform  4  sets:  1  set  at  each  dial  setting  of  3,  4,  5,  6 

Work  period:  30  s  per  set 

Rest  period:  30-60  s  between  sets 

Gool-dcwn:  5-10  min,  see  Figure  1 

The  exercises  to  be  performed  are  listed  in  sequence  below  and  depend  on 
equipment  available: 


Exercise 

Figure 

Short  Version 

1.  Knee  flexicxi  and  extension 

25 

5 

2.  Chest  press  and  row 

26 

4 

3.  Shoulder  press  and  lat  pull 

27 

7 

4.  Chest  press  and  row 

26 

6 

5.  Abdctninal  and  lew  back 

28 

1 

6.  Neck  lateral  f lexical 

29 

3 

7 .  Neck  extension  and  flexion 

30 

2 
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Program  Interruptions 


To  minimize  the  effects  of  interrt¥>tions  on  an  exercise  program,  the  fol¬ 
lowing  guidelines  apply.  The  aviator  should  arrange  a  schedule  to  obtain  a 
miniirum  of  5  weeks  of  uninterrupted  conditioning.  In  this  time,  sufficient 
training  adaptation  will  have  occurred  to  initiate  gains  in  iruscular  strength 
and  endurance.  During  interruptions,  the  peut-icipant  should  continue  the 
training  program  by  vhatever  means  available  (see  previous  sections)  at  least 
twice  weekly  to  naintain  previous  gains.  If  standard  exercise  equipment  is 
not  available,  the  aviator  should  devote  the  exercise  time  to  push-rps,  sit- 
ups,  leg  raises,  chair  presses,  back  arches,  neck  flexion  and  extension  move¬ 
ments,  and  iscmetric  contractions  of  the  major  nuscle  groups. 

The  RM  load  used  for  each  exercise  will  decreeise  during  nontraining  peri¬ 
ods.  Consequently,  RM  load  determinations  before  resuming  exercise  can  be 
used  to  select  the  proper  load  to  begin  the  program  after  an  interruption.  If 
the  break  in  conditioning  is  2  weeks  or  more,  the  participant  will  probably 
return  to  the  conditioning  program  using  80-90%  of  the  load  enployed  during 
the  conditioning  session  irmediately  before  the  break. 


Maintenance  Program 

After  successful  cotpletion  of  the  12-we^  strength  and  endurance  exer¬ 
cise  program,  aircrew  menbers  should  continue  exercising  to  naintain  the 
strength  and  endurance  gains  acquired. 

A  10-20%  increase  in  strength  and  endurance  should  be  achieved  from  the 
prescribed  exercise  program.  Tto  maintain  this  new  fitness  level,  the  recom¬ 
mended  schedule  should  include  a  mininum  of  2-3  workouts  evenly  distributed 
over  7  days.  These  workouts  should  be  a  cctibination  of  the  different  prxD- 
grams.  As  a  general  rule,  two  consecutive  strength  workouts  p)er  week  are  not 
recommended  in  the  maintenance  program. 

The  purposes,  guidelines,  and  precautions  outlined  in  previous  sections 
apply  to  the  itaintenance  ccitponent.  Again,  the  workouts  should  not  be  per¬ 
formed  on  consecutive  days  and  should  represent  ccnplete  workouts  of  an  inten¬ 
sity  equal  to  that  performed  vtvsn  the  program  was  completed. 


Preflight/ Preengagement  Warm-up 

To  take  full  advantage  of  any  physical  conditioning  program  requires  ade¬ 
quate  preparation  for  the  in-flight  stress.  Preparation  for  maximum  G  stress 
in  an  air  corrbat  engagement  should  include  musculcir  warm-up  in  the  inmediate 
prestress  period.  Like  athletes,  aircrew  should  warm  up  before  maximum  exer¬ 
tion.  These  techniques  not  only  reduce  the  risk  of  injury,  but  serve  to 
enhance  flying  performance.  For  beneficied  effects,  the  exercises  should 
include  those  muscle  groups  that  are  ^?ecifically  active  in  high-G  maneuvers. 
Ideally,  warm-up  and  stretching  should  begin  30  min  before  G  exposure  and 
taper  to  5  min  before  the  actual  engagement.  Since  ccaiditions  are  seldon 
ideal  to  permit  this  type  of  warm-up  schedule,  the  minimum  recamiendations  are 
as  follows: 
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1.  After  preflight  briefing,  while  in  Life  Support,  perform 
stretching  novements,  trunk  rotations,  and  neck  rotations  in  all  directions. 

2.  During  aircraft  inspection,  perform  front  and  back  stretching, 
neck  rotation,  and  neck  stretching. 

3.  During  taxi  or  while  waiting  for  takeoff,  perform  neck  stretch¬ 
ing  against  resistance.  This  procedure  requires  neck  flexion  against  the 
resistance  provided  to  the  head  by  the  hand  and  involves  movements  in  the  four 
major  directions.  This  procedure  should  simulate  the  movements  anticipated  in 
aerial  carbat  maneuvers.  Care  should  be  taken  to  avoid  applying  too  much 
resistance  as  it  could  be  painfiil  or  cause  nuscle  strain. 

4.  Before  engagement,  perform  several  moderately  intense  AGSM  and 
several  maximal  neck  stretches. 


AEROBIC  OOlCITIONING  FOR  FLYERS 

Aerobic  conditioning  occurs  viien  exercise  is  performed  at  sv±>maximal 
intensity  for  extended  periods  of  time  with  the  intention  of  iitproving  the 
function  of  the  cardiovascular  system.  This  effect  occurs  vhen  a  person  exer¬ 
cises  several  times  a  week  at  an  intensity  that  can  maintain  the  hecurt  rate 
in  a  "target"  range  for  at  least  20-30  min.  The  target  range  is  determined 
through  calculation  of  the  maximum  rate  (220  minus  age)  and  multiplying  by  60 
and  80%.  For  exaitple,  a  20  year  old  has  a  calculated  maximum  heart  rate  of 
200  and  his  exercise  target  range  is  120-160  beats/min.  Alternately,  the 
crewmarber  may  rely  on  his  breathing  rate  to  gauge  his  heart  rate.  Breathing 
should  be  accelerated,  but  not  to  the  point  of  discomfort  or  Where  it  would 
interfere  with  speech. 
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Aerobic  Fitness  and  G  Tolerance 

Scientists  in  the  aviation  physiology  cornunity  believe  that  high  levels 
of  aerobic  conditioning  will  not  directly  erhance  thie  ability  of  an  individual 
to  reach  higher  G  levels.  In  a  broader  sense,  the  influences  of  aerobic  fit¬ 
ness  on  repeated  high-G  exposure  during  a  single  mission,  multiple  missions  in 
one  day,  or  multiple  daily  missions  hatve  yet  to  be  adequately  assessed. 

For  aircrew  involved  in  flying  fighter  aircraft,  excessive  time  devoted 
to  aerobic  training,  e.g.,  prepeuration  for  such  events  as  a  marathon,  biathlon 
or  triathlon,  nay  be  detrimental  to  G  tolerance.  Ongoing  reseeuch  suggests 
that  effectiveness  of  the  blood  pressure  control  system  can  be  reduced  in 
endurance  trained  athletes,  but  this  effect  has  not  been  confirmed  in  high-G 
studies.  Some  subjects  with  high  levels  of  aerobic  fitness  have  shown 
increased  incidence  of  irregular  heart  rate  (cardiac  arrhythmias,  sene  of 
vhich  can  adversely  affect  -KS^,  tolerance)  during  exposure  to  centrifuge  tests 
at  the  USAF  School  of  Aerospace  Medicine.  Preliitdnary  research  findings 
indicate  that  incapacitation  and  recovery  time  from  GLOC  is  prolonged  in 
excessively  aerobically  fit  individuals.  Other  studies  suggest  that  certain 
individuals  with  high  levels  of  aerobic  fitness  can  have  an  increased  suscep¬ 
tibility  to  motion  sickness.  For  these  reasons  and  because  of  the  benefits  of 
aerobic  conditioning,  only  a  moderate  aerobic  training  program  is  suggested. 
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Suggested  E’rograms 


The  basic  element  of  aercbic  conditioning  is  large  nuscle  exercise  that 
produces  a  sustained  heart  rate  in  a  target  zone  {see  preceding  section)  . 
While  several  exercises  can  be  performed  to  produce  aerobic  conditioning,  run¬ 
ning  is  the  most  ccmnn. 

A  running  program  of  20-30  min,  3  times  per  wedc,  is  suggested  as  ade¬ 
quate  for  maintaining  good  cardiovascular  fitness  vAiile  avoiding  the  possible 
adverse  effects  of  excessive  aerobic  training.  For  aircrw  vto  desire  to  run 
more,  the  maximum  program  suggested  is  3-5  mi  per  day,  no  more  than  4  times 
per  week.  If  more  than  9  mi  per  week,  the  running  nust  be  integrated  with  the 
recoTTrended  weight  training  program  to  achieve  optimal  results  in  a  high-G 
environment.  For  the  conpetitive  minded,  a  5  km  (3.1  mi)  race  should  be  the 
longest  event  undertaken  in  any  given  week. 

Persons  unaccustomed  to  aerobic  conditioning  slxuld  begin  the  program  by 
initially  running  short  distances  at  a  slew  pace.  The  time  and  distance  of 
running  should  then  progressively  be  increased  until  the  desired  level  of  con¬ 
ditioning  is  attained. 


Alternatives  to  Running 

Aercbic  exercises,  e.g.,  rowing,  cycling,  swimning,  cross-country  skiing, 
aerobic  dance,  walking,  etc.,  also  use  large  muscle  groups  in  a  oontinxjous 
fashion.  These  activities  stould  be  performed  at  an  intensity  that  will 
achieve  the  targeted  heart  rate  for  at  least  20  min.  For  lower  intensity 
exercise,  such  as  brisk  walking,  a  longer  duration  may  be  necessary.  For 
exaiTple,  a  20-year-old  man  might  achieve  a  heart  rate  of  only  110  lueats/min. 
In  his  case,  he  might  extend  the  walking  time  to  one  hour  to  achieve  benefit. 
However,  a  40-year-old  man  with  a  heart  rate  of  110  is  working  in  his  target 
zone  and  need  not  unnecessarily  extend  his  walking  time. 


14 


SUGGESTED  READINGS 


AFP  50-56.  U.S.  Air  Force  aerobics  physical  fitness  program.  17  Jul  1974. 

Astrand,  P-0,  and  Rodahl,  K.  Textbook  of  work  physiology:  PhysiologiCcil 
bases  of  exercise,  (2nd  Ed),  New  York:  McGraw  Hill  Book  Oo,  1977. 

Astrand,  EHD,  and  Rhyming,  I.  A  nomogram  for  calculation  of  aerobic  capacity 
(physical  fitness)  frcm  pulse  rate  during  submaximal  work.  J  i^l  Physiol 
7:218-221  (1954). 

Blcmquist,  C.G.,  and  Stone,  H.L.  Cardiovascular  adjustments  to  gravitational 
stress,  the  cardiovascular  system.  In:  Handbook  of  Physiology,  Section  2, 
Vol.  3,  Periphercd  circulation  and  organ  blood  flow.  Ed.  Sh^herd  F.T., 
Abboud,  F.M.  Bethesda,  MD:  Am  Physiol  Soc  1050-1063  (1984) . 

Bonde- Peter son,  F.,  Christensen,  N.J.,  Henriksen,  0.,  Nielsen,  C.,  Norsk,  P., 
et  al.  Aspects  of  cardiovascular  adaptation  to  gravitational  stresses. 
The  Physiologist.  Suppl  S-7-S10  (1980). 

Burton,  R.R.,  and  Whinnery,  J.E.  Operational  G-induced  loss  of  consciousness: 
Scmething  old,  something  new.  Aviat  Space  Environ  Med  56:812-817  (1985). 

Cooper,  K.H.  The  aerobics  way.  New  York:  Bantam  Books,  1977. 

Cooper,  K.H.  The  aerobic  program  for  total  v^ll  being.  New  York:  Bantam 
Bocks,  1983. 

Epperson,  W.L.,  Burton,  R.R.,  and  Bemauer,  E.M.  The  effectiveness  of  ^je- 
cific  weight  training  on  simulated  aerial  cotbat  maneuvering  G-tolerance. 
Aviat  Space  Ehviron  Med  56:534-539  (1985). 

Fisher,  M.G.P.,  and  Atkinson,  D.W.  Fasting  or  feeding?  A  survey  of  fast-jet 
aircrew  nutrition  in  the  Royal  Air  Force  Strike  Oarnand.  Aviat  Space 
Environ  Med  51:1119-1122  (1980) . 

Fleck,  S.J.,  and  Kraemer,  W.J.  Designing  resistance  training  programs. 
Chairpaign,  IL:  Human  Kinetics,  1987. 

Greenleaf,  J.E.,  Brock,  P.J.,  Hames,  R.F.,  Rositano,  S.A.,  Montgomery,  L.D., 
and  Keil,  L.C.  Effect  of  hypovolemia,  infusion,  and  oral  rehydration  on 
plasma  electrolytes,  ADH,  Renin  Activity,  and  +G^  tolerance.  Aviat  Space 
Environ  Med  48 (8) :693-700  (1977). 

Greenleaf,  J.E.,  Matter,  M.,  Jr.,  Douglas,  L.G.,  Raymond,  S.A.,  Bosco,  J.S., 
Averkin,  E.G.,  St.  John,  R.H.,  Jr.  Effects  of  acute  and  chronic  hypohydra¬ 
tion  on  tolerance  to  +G^  acceleration  in  nan.  X.  1285:1-39  (1966) . 

Greenleaf,  J.E.,  Stinnett,  H.O.,  Davis,  G.L.,  Rollias,  J.,  and  Bemauer,  E.M. 
Fluid  and  electrolyte  shifts  in  women  during  -HG^,  acceleration  after  15  days 
bed  rest.  J  i>ppl  Physiol  42:67-73  (1977). 


15 


Hbughtxin,  J.O.,  McBride,  D.K.,  and  Hannah,  K.  Perfomance  and  physiological 
effects  of  acceleration- induced  (-KS^)  loss  of  consciousness.  Aviat  Space 
Environ  Med  56:956-965  (1985) . 


Knudson,  R.,  McMillan,  D.,  Doucette,  D.,  Seidel,  M.  A  cciiparative  study  of 
G- induced  neck  injury  in  pilots  of  the  F/A-18,  A-7,  and  A-4.  Submitted  to 
Aviat  Space  Environ  Med  (1987) . 

Leanes,  G.R.,  Costill,  D.L.,  Coyle,  E.F.,  Fink,  W.J.  ftiscle  strength  and 
DOwer  changes  during  maxiiticQ.  isokinetic  training.  Medicine  and  Science  in 
‘sports  10:266-269  (1978). 

Position  paper,  American  Dietetic  Association.  Nutrition  for  physical  fitness 
and  athletic  perfomance  for  adults.  J  Am  Diet  Assoc  87  :  933-936  (1987)  . 

TACP  51-17.  G  Awareness  for  aircrew  merbers.  USAF  paitphlet  available  through 
the  publications  distribution  system,  USAF,  12  Sep  1986. 

Tesch,  P.A.,  Hjort,  M.D.,  Balldin,  U.I.  Effects  of  strength  training  on  G- 
tolerance.  Aviat  Space  Environ  Med  54:691-695  (1983) . 

Tipton,  C.M.  Consideration  for  exercise  prescriptions  in  future  space 
flights.  Med  Sci  Sports  Exerc  15:441-444  (1983) . 

Vanderbeek,  R.D.  TAC  neck  injury  study.  Ltr  rpt  dated  25  Jun  1987,  USAFSAM/ 
EDK,  Brooks  AFB,  TX. 

Whinnery,  J.E.  Acceleration-induced  atrioventricular  dissociation:  hemody¬ 
namic  consequences.  Aviat  Space  Environ  Med  53:432-434  (1982) . 

Whinnery,  J.E.,  Laughlin,  M.D.,  and  Hickiran,  J.R.,  Jr.  Concurrent  loss  of 
consciousness  and  SINO-arterial  block  during  -KS^  stress.  Aviat  Space 
Environ  Med  50:635-638  (1979) . 

Whinnery,  J.E.,  Laughlin,  M.H.,  and  Uhl,  G.S.  Coincident  loss  of  conscious¬ 
ness  and  ventricular  tachycardia  during  -fG^  stress.  Aviat  Space  Environ 
Med  51:827-831  (1980). 

Wilmore,  J.H.  Athletic  Training  and  Physical  Fitness.  Physiological  princi¬ 
ples  and  procedures  of  the  conditioning  process.  Newton,  MA:  Allyn  and 
Bacon,  Inc., 1977. 


16 


STRETCHING  EXERCISES 
BEFORE  AND  AFTER  WEIGHT  TRAINING 


Figure  1. 


Stretching  Exercises.  Performed  before  and  after  each  exercise 
workout.  Full  range  of  motion  and  slow,  consistent  movement 
throughout  the  stretching  exercise  should  be  concentrated  on  to 
the  threshold  of  pain. 


Fli^ure  1.  Bench  Press.  Performed  from  a  supine  position  with  the  liftlnsj  bar  In  Hne  with  the  middle  of  the 
chest.  The  bar  Is  pressed  upward  to  obtain  full  arm  extension  and  then  lowered  si  owl v  to  the 
startlnvj,  position.  The  head,  shoulder,  and  buttock  regions  should  remain  in  contact  with  the  benr 
throughout  the  exercise.  Do  not  arch  the  back. 
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position  with  the  bar  at  shoulder  level.  Do  not  arch  the  neck  or  back. 
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Figure  7.  Slt-up.  Performed  on  an  Incline  board  with  knees  bent  and  arms  and  hands  crossed  In  front  of  the 
chest  or  with  hands  clasped  behind  the  head.  As  the  sit-ups  become  easier,  the  board  should  be 
inclined  at  steeper  angles  to  Increase  the  difficulty.  Do  not  arch  the  back. 


Neck  Series  (flexion).  Performed  lying  face-up  on  a  bench  with  the  head  and  neck  extended  over 
the  end  of  the  bench.  Full  resistance  is  applied  to  the  hands  of  the  partner  through  a  full  range 
of  neck  flexion.  Begin  with  the  head  fully  extended  toward  the  back.  The  partner  provides 
constant  resistance  so  that  slow  movement  is  maintained. 
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Figure  9B.  Neck  Series  (extension).  Performed  lying  face  down  on  a  bench  with  the  head  and  neck  extended 

over  the  end  of  the  back.  Resistance  is  applied  to  the  hands  of  the  partner  through  a  fui 1  range 
of  neck  extension.  Begin  with  the  head  fully  flexed  toward  the  chest.  The  resisting  partner 
provides  constant  resistance  so  that  slow  movement  is  maintained. 
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Figure  10.  Leg  Extension.  Performed  from  a  seated  position  utilizing  knee  extension  against  a  given 


Figure  11.  Leg  Curl.  Performed  from  a  prone  position  and  achieved  by  knee  flexion.  The  pelvis  should 
elevated  from  the  bench. 
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Fii;ure  12.  Shoulder  Shruj'.  Performed  by  raising  the  shoulders  while  holdiiig  the  bench  press  bar  with  the 
arms  fully  extended  downward.  The  elbows  should  not  be  bent  during  this  movement. 


Seated  Row.  Performed  by  pulling  against  resistance  with  the  feet  braced  and  set  Into  position. 
This  Is  a  two-handed  exercise  with  alternate  extension  and  flexion  of  the  arms.  The  hands  are 
drawn  into  the  chest  with  elbows  held  high  and  then  allowed  to  extend.  The  upper  body  should  not 
move  forward  or  backward. 


gure  14.  Upright  Row.  Performed  by  pulling  upward  against  resistance  while  in  a  standing  position.  The 

hands,  with  a  narrow  overhand  grip,  are  drawn  upward  to  just  under  the  chin  with  elbows  raised  and 
then  slowly  allowed  to  extend. 


Figure  15.  Triceps  Ebctenslon.  Performed  from  a  standing  position  with  both  hands  on  the  pull  bar,  palms 
down,  elbows  bent,  and  close  to  the  body.  The  bar  Is  pushed  down  with  the  elbows  close  to  the 
trunk  until  the  arms  are  fully  extended  downward. 


Figure  17.  Bench  Press.  Performed  from  a  supine  position  with  the  bar  in  line  with  the  middle  of  the  chest. 

The  bar  is  raised  upward  to  obtain  full  arm  extension  and  then  lowered  slowly  to  the  starting 
position.  The  head,  shoulder,  and  buttock  regions  should  remain  in  contact  with  the  bench 
throughout  the  exercise.  Spotter  is  required. 
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Figure  18.  Pull-up.  Performed  from  a  fully  extended  body  position  suspended  from  a  bar  by  a  shoulder  width 
overhand  grip.  The  body's  motion  should  be  minimal  while  it  is  being  raised  to  elevate  the  chin 
above  the  bar  and  then  slowly  lowered  to  the  original  position. 


m  and  Chest  Pull  Over.  Performed  In  the  supine  position  on  a  bench.  The  bar  is  held  In  an 
erhand  grip  at  chest  level  and  extended  past  the  head  and  then  lowered  to  the  floor  as  far  as 
ssible.  After  a  brief  pause.  It  Is  slowly  raised  upward  and  forward  to  the  starting  position 
ove  the  chest.  Spotter  is  required.  Do  not  arch  the  neck  or  back. 


Figure  20.  Military  Press.  Performed  from  a  standing  or  seated  position.  Starting  with  the  bar  at  the  level 
of  the  collar  bone,  it  is  pressed  upward  to  full  arm  extension  position.  After  a  brief  pause,  the 
bar  is  lowered  to  the  starting  position.  Do  not  arch  the  neck  or  back.  Spotter  is  required. 


Figure  21.  Arm  Curl.  Performed  from  a  standing  position  with  an  underhand  grip  on  the  bar,  arms  fully 

extended  downward,  elbows  against  the  trunk.  Flex  the  arms  upward,  keeping  the  elbows  near  but 
not  against  the  trunk  and  the  back  straight. 


Figure  22.  Bent-over  Row.  Performed  from  a  standing  position,  bent  over  at  the  waist.  The  bar  is  elevated 
from  the  fully  extended  position  to  the  level  of  the  chest.  After  a  brief  pause,  the  bar  is 
lowered  to  the  original  position.  If  this  exercise  is  incorporated  as  a  regular  part  of  the 
routine,  the  head  should  be  supported  to  reduce  force  loading  of  the  lower  back.  Head  support 
required . 


Figure  23.  Upright  Row.  Performed  from  a  standing  position.  The  bar  Is  elevated  from  the  fully  extended 
position  to  the  level  of  the  shoulders.  After  a  brief  pause,  the  weight  Is  lowered  to  the 
original  position. 


Figure  24.  Bar  Dip.  Performed  on  parallel  bars  which  support  the  body  suspended  from  the 
hands,  arms  fully  extended.  The  body  is  lowered  until  the  triceps  are  perpend 
and  after  a  short  pause  tiie  body  is  elevated  to  the  starting  position.  Motion 
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Figure  26.  Chest  Press  and  Row.  Performed  from  a  seated  position  with  the  arms  flexed  at  the  elbow.  The  arms 
are  fully  extended  forward  and  then  flexed  back  toward  the  chest  against  the  resistance  of  the 
machine.  The  movement  of  the  lower  body  should  be  minimal  during  the  exercise.  The  movement  of 
the  arms  should  be  smooth  and  continual.  Do  not  arch  the  neck  or  back. 


Figure  27.  Shoulder  Press  and  Lat  Pull.  Performed  from  a  seated  position  with  the  arms  flexed  at  the  elbow. 

The  arms  are  fully  extended  upward  and  then  flexed  back  toward  the  shoulders  against  the 

resistance  of  the  machine.  The  movement  of  the  lower  body  should  be  minimal  during  the  exercise. 

Do  not  arch  the  neck  or  back.  The  movement  of  the  arms  should  be  smooth  and  continual. 


Figure  29.  Neck  Lateral  Flexion.  Performed  from  a  seated  position  using  the  arms  to  stabilize  the  upper 

body.  The  head  Is  fully  flexed  laterally.  Che  neck  Is  then  flexed  to  the  right  and  then  to  the 
left.  The  movement  of  the  chest  should  be  minimal,  and  the  movement  of  the  head  and  neck  should 
be  smooth  and  continual. 
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Figure  30.  Neck  Extension  and  Flexion.  Performed  from  a  seated  position  using  the  arms  to  stabilize  the 

upper  body.  The  head  is  fully  flexed  posteriorly.  The  neck  is  then  flexed  to  the  front  and  then 
to  the  back.  The  movement  of  the  chest  should  be  minimal,  and  the  movement  of  the  head  and  neck 
should  be  smooth  and  continual. 


